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ABSTRACT
In this review we outline the major points of ab-initio cosmological models
focusing on some galaxy evolution unresolved problems. In particular our knowl-
edge of the star formation rate which leads galaxy evolution, i.e. luminosity,
colors and dust enrichment, is still very poor. Smoothed particle hydrodynamic
simulations including chemo-photometric evolutionary population synthesis mod-
els of isolated collapsing systems endowed with triaxial dark matter halos, gas
and the star formation switched on, are a useful tool to shed light on several
open questions. This approach, which allows a greater particle resolution than
a fully consistent cosmological scenario, gives us important insights into connec-
tions between dark and luminous matter. Both the initial properties of the halo,
as so as its geometry and dynamical state, and total mass of the system, drive
the galaxy formation and evolution. In our simple framework spiral galaxies arise
only in systems with both a total mass less than 1012m⊙ and a critical value
of the baryonic-to-total-mass ratio, around its cosmological value, 0.1. For the
same value of such a ratio more massive systems host more luminous and redder
galaxies, as a consequence of the stronger burst of star formation arising into
their halos earlier on. Moreover the star formation does not switch on in the
less massive DM halos so that the critical mass to entail a luminous system is
≃ 1011m⊙. For a given total mass, higher values of the baryonic-to-total-mass
ratio provide galaxies with lower rotational support so that no constraints to the
total mass of the system hosting an elliptical galaxy have been derived.
1. INTRODUCTION
Studies of the large-scale distribution of galaxies point toward understanding funda-
mental hypotheses as so as the identity of the dark matter (DM), the nature of the initial
density perturbations and the mechanism of structure growth. Although none of these is-
sues can be regarded as settled, there is now a growing consensus that cold dark matter
(CDM) is the most likely candidate for the DM, that cosmic structure grew by the gravita-
tional amplification of random phase initial density fluctuations of inflationary origin, and
that the fundamental cosmological parameters have the following values: density parameter,
Ω0 =0.3, cosmological constant term, Λ0=0.7 and Hubble constant, H0 which, in units of
100 km/s/Mpc, corresponds to h=0.7. Cosmological constraints reflect only one aspect of
the information encoded in the galaxy clustering. Another, equally interesting aspect, con-
cerns the processes responsible for the formation and evolution of the galaxies. The past two
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decades have witnessed the emergence of a successful class of ab-initio theoretical models
to explain the formation of the structures in the Universe. The initial conditions consist of
the cosmological parameters (Ω, Λ, H0) and of an initial fluctuation spectrum such as the
CDM power spectrum. The remaining parameter, i.e. the amplitude of these initial fluctu-
ations, is calibrated by the measured anisotropies of the microwave background. Numerical
simulations have become an important tool for exploring the detailed predictions of these
ab-initio models. However, extending these studies to understand the formation of luminous
components of galaxies is difficult since our knowledge of the star formation process and
its interaction (feedback) with the surrounding interstellar medium is still rather limited.
Moreover, computational resources strongly constrain their baryonic resolution, thus most
of the simulations that focused on the formation of individual galaxies were not performed
in a cosmological scenario [1, 2, 3, 4, 5, 6]. In this framework [4, 6] (therein after we will
refer to these papers as to paper I and II respectively) were the first to present results from
smoothed particle hydrodynamic (SPH) simulations of isolated collapsing triaxial systems,
initially composed of DM and gas, implemented with chemo-photometric evolutionary pop-
ulation synthesis (EPS) models providing the Spectral Energy Distribution (SED) from UV
up to near-IR K band.
In this review we will outline the major challenges of ab-initio models and our efforts to
emphasize connections between dark and luminous matter. The plan of this paper is the
following: the next section briefly reviews the major points of these class of ab-initio models.
Section 3 focuses on galaxy formation in a hierarchical scenario and on its major problems.
Section 4 presents our approach and points out results from paper I and II concerning galaxy
formation and evolution in a simple framework, the monolithic scenario. We will discuss the
star formation rate (SFR) and the rotational support (i.e. the ratio between rotational to
kinetic energy) of the baryons (gas+stars) provided by these simulations and derive some
issue concerning galaxy morphological types and their dependence on the properties of the
whole system in particular of their DM halo. Important findings, summarized in Section
5, are that the total mass of the system, the DM halo initial geometry, given by different
values of initial triaxiality ratio and its dynamical state, strongly reflect on galaxy forma-
tion and evolution. Moreover we outline the role of different values of the baryonic to total
mass ratio, Mbar/Mtot showing that its cosmological value, around 0.1, coupled with the less
massive halos (Mtot ≤ 10
12m⊙), strongly favors formation of disk galaxies as obtained in a
fully consistent cosmological scenario [7] where disks are the first galaxy outcome.
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2. NUMERICAL SIMULATIONS OF HIERARCHICAL CLUSTERING
During the last decade, significant progress has been made in understanding cosmic
structure formation and evolution. Structure grows as objects of progressively larger mass
merge and collapse to produce new virialized systems. The formation of dark halos in dif-
ferent cosmologies has been studied in detail with high resolution simulations [8, 9, 10, 11]
to determine the large-scale mass distribution, the halo merging histories, the structural
parameters of the DM halos and finally the formation of galaxies inside these halos. In many
respects, these simulations are in agreement with observations, for example, with the present
day abundance of massive galaxy clusters, the shape and amplitude of galaxy clustering pat-
terns, the magnitude of large scale coherent motions of galaxy systems, among the others
[12]. However several difficulties still remain. Firstly, the universal cuspy density profiles of
DM halos [9, 13, 14] while agree with observations of galaxy clusters are in disagreement
with flat density DM distributions inferred from observations in the centers of galaxies [15,
16, 17]. As outlined by [12], halos formed in a ΛCDM scenario are too centrally concentrated
to be consistent with observations of the dynamic of our own Galaxy. Moreover the actual
physical mechanisms responsible for such an universal density profile are as of yet not well
understood. [18] argue that the universal profile does not depend crucially on hierarchical
merging but this is a more generic feature of the gravitational collapse in an expanding
universe which produces a near universal angular momentum distribution among the halo
particles. However the same result is derived from SPH simulations of isolated collapsing
triaxial systems ([4], paper I). [4] indeed argue that such a profile is a consequence of violent
relaxation which erases all information related with the initial configuration, thus also any
cosmological signature.
Secondly, [13] and [19] demonstrated that CDM scenario predicts that the local group should
have fifty times as many dwarf galaxies than actually observed. In order to reconcile predic-
tions with observations a spectrum would be required that suppresses power on galactic and
subgalactic scales while keeping the large scale properties of the model virtually unchanged.
This would in principle allow galaxy-sized halos to collapse later and thus become less cen-
trally concentrated. However in such a case, they may hinder the formation of massive
galaxies at high redshift, at odds with the mounting evidence that such galaxies are fairly
common at z ≥ 3 [20].
Thirdly, the specific angular momentum and the scale length of the disk galaxies in the
cosmological simulations are too small compared to real galaxies [21]. This may be partially
a numerical problem of SPH simulations (see Section 3), but it is more likely due to very
efficient cooling and angular momentum transport from the baryons to the dark halos during
merger events.
Forthly, in a hierarchical scenario it is very difficult to fit properties of SCUBA sources
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detected, from sub-millimetric surveys, at high redshift (z > 2) and requiring very high
star formation rates (>> 100m⊙ /yr) [22, 23]. In particular they number density is under-
predicted also by semi-analytical models [24]. These ab-initio models are based on numerical
simulations as far as dissipationless physics is concerned however encode the dynamics of
cooling gas, star formation, feedback and galaxy mergers into few simple rules which allow
the process of star formation within DM halos to be calculated [25, 26, 27]. The same models
fail to reproduce the large number of high-z galaxies detected in K-band surveys with both
Extremely Red Colors (EROs) R −K > 5, K ≃ 17 − 22, [28, 29] and spectrophotometric
properties consistent with old stellar populations up to z ≃ 1.5 [30, 31].
3. GALAXY FORMATION AND EVOLUTION
Following the pioneering work of [32], one of the critical processes during galaxy for-
mation is the radiative cooling. All the gas in virialized systems cool at their center in a
runaway process (over-cooling) which can be halted if a) a large fraction is transformed into
stars, b) most of the gas settles in a rotationally supported disc, or c) some energy input
reheat the gas [33]. As we will discuss with more details later on (Section 4.1.2), since our
understanding of the star formation (SF) process and its interaction with the surrounding
interstellar medium (feedback) is still rather limited, simulations including such a process
are based on phenomenological approaches. [34] have analyzed the effect of different SF
recipes in N-body/SPH cosmological simulations of galaxy formation. Even if their simula-
tions achieve very poor galaxy resolution (more than 32 particles), nevertheless these provide
interesting results by comparing different runs. They conclude that results do not depend
strongly on different SFR prescriptions when feedback is neglected: the ratio of cold gas
to stars in the final galaxy is primarily controlled by the range of gas density where the
SF is allowed to proceed efficiently. However the fraction of gas that cools is always much
too high to account for the K-band luminosity function so that feedback must be accounted
for. Therefore, once stars are present they are expected to return to the interstellar medium
(ISM) part of their mass and energy via supernovae (SNe) explosions, stellar winds and
ultraviolet (UV) flux. These latter contributions are relevant only for massive stars. All this
is known as the stellar energy feedback. There are two ways of including phenomenological
feedback models from type II supernova energy in cosmological simulations: thermal and
kinetic. In the former case all the energy (from SNe, stellar winds and UV flux) supplies
the thermal budget of neighboring gas particles [35, 36], in the second one only a fraction
of this energy is allowed kinetically to affect the surrounding particles. This fraction is a
free parameter [37, 38]. However thermal feedback can reduce the SFR appreciably only if
the reheated gas is prevented from cooling for a considerable fraction of the Hubble time.
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Indeed most of the stars form in high density regions where the thermal energy can be lost
to radiation very quickly. Dumping the SNe energy as velocity perturbations does affect
the SFR, because it can halt or reverse the local collapse of a region. Therefore feedback
inclusion is a very critical point for such simulations.
Computational resources strongly constrain the baryonic resolution of numerical simulations,
thus most of the simulations that focused on the formation of individual galaxies were not
performed in a fully cosmological scenario [1, 2, 3, 4, 5, 39, 6], (see also Section 4). [7] present
the first results of simulations including SF and feedback to focus on the origin of galaxy
morphologies in a CDM Universe. Their claim for sufficiently high gas particle resolution to
allow for such a study. Their findings are that Hubble sequence reflects different accretion
histories in the hierarchical framework. Disks arise from the smooth deposition of cooled gas
at the center of DM halos, spheroids from the stirring of preexisting disks during mergers.
Thus galaxy morphology is a transient phenomenon within the lifetime of the galaxy. The
first attempts to analyze with greater detail formation and evolution of a single disk galaxy
inside cosmological scenario have been performed very recently [40, 41]. The general problem
affecting disk galaxies in a hierarchical Universe is their higher concentration than observed
in spiral galaxies. This is a consequence of the formation process of the disks. During the
mergers needed to assemble their mass, the gas component, owing to dynamical friction,
transfers most of its angular momentum to the surrounding halos. Simulations show that
while the specific angular momentum of the DM increases with decreasing redshift, that of
gaseous disk decreases. So the spin of the disks is about one order of magnitude lower than
expected for spiral galaxies and the disk scale length is shorter than observed. This produces
an offset in the I-band Tully-Fisher (TF) relation. Its slope and scatter (lower than the ob-
served ≃ 0.4mag) are fairly in good agreement with the observations but its zero-point is
in serious disagreement with the data. The simulated TF relation is almost two magnitudes
faint at a given rotation velocity (see Fig. 1 from [12]).
Recent attempts to translate in photometric information the results of disk evolution in a
cosmological scenario [41] derive a bulge-to-disk ratio 1:1 in the total (integrated) light. The
final system (z=0) rotates faster and appears more concentrated that observed for its mass
living 1 mag off the I-band TF relation.
4. ISOLATED COLLAPSING TRIAXIAL SYSTEMS
[4] were the first to present results from SPH simulations of isolated collapsing triaxial
systems, initially composed of DM and gas, implemented with chemo-photometric evolu-
tionary population synthesis (EPS) models providing the spectral energy distribution (SED)
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from UV up to near-IR K band. They have focused on the final properties of the systems, i.e.
after 15 Gyr in the rest-frame, for different values of the stellar initial mass function (IMF)
parameters (i.e.: φ(m) ∝ m−α where α is slope and mlow its lower mass limit) and feedback
strength self-consistently accounted for (see Section 4.2.2). In paper II, [6] have deepened
the analysis focusing on the time behavior of the SFR and on the rotational support achieved
by their luminous systems. The initial configuration is the same in both the papers however
in paper II higher particle resolution runs have been performed and a wider range of initial
conditions of the collapsing systems have been analyzed (Table 1). They aimed to shed light
into the dependence of the system evolution on some parameters completely unexplored such
as the total mass, initial geometry and dynamical state of the DM halo. Moreover also the
effects of different values of the baryonic-to-total-mass ratio (0.1 their fiducial value) have
been investigated. They found important connections between dark and luminous matter.
4.1. Recipes
4.1.1. The initial configuration
As described in paper I, the system is built up with a density distribution i) ρ ∝ r−1, ii)
a spin parameter, λ [42] given by |J||E|0.5/(GM0.5), where M is the total mass, E the total
energy, J the total angular momentum and G the gravitational constant, equal to 0.06 and
aligned with the shorter principal axis of the DM halo, and iii) a triaxiality ratio of the DM
halo as detached by the Hubble flow in a CDM scenario, τ = (a2 − b2)/(a2 − c2) [43] where
a > b > c, equal to 0.58. The effect of a different initial geometry, i.e. of a slightly oblate
(τ=0.45) and of a prolate (τ=0.84) halo, has been investigated. Different λ values are also
considered to give insight into the role of the dynamical state of the halo on the evolution
of the baryonic matter. All the simulated systems have the same initial virial ratio, 0.1,
and the same average density to avoid a different collapse time. The total initial number of
particles ranges between 2000 to 20000 with NDM = Ngas. The system evolves up to 15 Gyr
in the rest-frame; the final number of particles ranges from 10000 to 200000.
All the simulations performed in papers I and II include self–gravity of gas, stars and DM, ra-
diative cooling, hydrodynamical pressure, shock heating, artificial viscosity, SF and feedback
from evolved stars and type II SNe.
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4.1.2. The star formation rate
As described in Section 3, the phenomenological approach for such a process translates
in a power law dependence of the SFR on the local gas density. In all the cases the basic
procedure is the same: at the end of each time step, a subset of gas particles is being
identified as eligible to form stars. A fraction of them are then converted into stars which
are subsequently subject only to gravitational interactions.
The star forming criterion adopted in paper I and II is based on following conditions [37]:
i) the local gas density must be larger than a threshold value, 7 × 10−26 gr/cm3, which
corresponds to the Jeans unstability criterion and to cooling time shorter than dynamical
time in the region, and ii) the gas particle must be in a convergent flux, i.e. ∆v < 0, so
pressure forces are unable to stop the collapse. A gas particle satisfying these conditions loses
a fraction ǫ of its mass which becomes a star particle; ǫ=0.4 is the fiducial value however the
effect of different choices have been also examined (0.2 in paper I and 0.04 in paper II) to
account for the impact of this parameter too on the results.
4.1.3. Feedback strength and initial mass function
The feedback effects are both thermal and kinetic as described above (Sect. 3). A
fraction fv of SNe energy is supplied to neighboring gas particles in the form of kinetic
energy, with the rest, (1 − fv), being added as heat. Paper II assumes fv = 0.01 as fiducial
value. The kinetic energy implementation, due to the number of massive stars which are
exploding as SNe during each time step per stellar generation, ∆N∗(m > 8m⊙), is given
by: ∆ESNe,vel[erg/gr] = fvη where η ≃ 5× 10
17∆N∗(m > 8m⊙)/M∗ and M∗ is the mass of
a stellar generation which corresponds to a star particle. The value of the ratio ∆N∗(m >
8m⊙)/M∗ depends on the IMF’s parameters. As presented in paper I, B1 simulations
correspond to α =2.5, mlow = 0.1m⊙ and mup = 100m⊙ [44], B2 to α =2.35 with the
same mass limits, B3 models to B2’s parameters but with lower mass limit 0.01m⊙ [45].
Given this self-consistent approach to account for feedback, B1 models provide a feedback
strength 33% higher than B3, whereas B2 models 37% higher than B1 and 58% higher than
B3 models.
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4.2. Results
4.2.1. The SFR and the rotational support of the baryonic system
[6] find that, for a given value of the baryonic-to-total-mass ratio, the total mass of the
system, Mtot (10
10m⊙, in our units), controls the SFR. Fig.1 shows that in systems with
larger Mtot the SF onset arises earlier on and the SFR achieves higher values than in the
less massive halos. In the same figure the effect of a different IMF is also shown. B3 models
allow higher SFR as a consequence of their lower feedback strength. Numerical resolution
slightly affects the SFR, the other parameters being the same (Fig.2). Simulations providing
only thermal feedback implementation (i.e. fv = 0) provide a stronger burst of SFR which,
as in the case of simulation in Fig.2 (panel ii) produces a residual gas fraction lower of about
24% (see also Table 2, col. 9). Fig.3 (panels a, b) compares the evolution of the rotational
support of the baryons for some simulation in Fig.1 and Fig.2. We can see that the feedback
strength, which depends on the total mass of the system through the SFR and the IMF’s
parameters, strongly affects the dynamical evolution of the luminous matter. This is because
the lower the SFR the larger the fraction of cold (T < 105K) rotating gas and the lower the
amount of random motions induced by the kinetic feedback.
The rotational support of the baryons increases by rising resolution allowing the value ex-
pected for local Spirals (the maximum disk assumption requires that such a support is
≥ 85%± 10% of the total energy budget [49]) for a resolution of 6000 initial total particles.
Moreover even if the SFR, and thus the fraction of residual gas, are slightly depending
on particle resolution, the fraction of cold gas is decreased of about 10% by reducing gas
resolution from 3000 to 1000 particles. This is a very important point: a low resolution
could strongly affect the results of cosmological simulations of galaxy formation provided
by such a kind of feedback. The so called ”angular momentum crisis”, which together with
over-cooling problem are some of the major challenges of cosmological simulations, could
be solved accounting for both feedback and high particle galaxy resolution. Recent findings
[40] point toward the same conclusion. Accounting for results of paper II (Fig.1), a suitable
choice of IMF’s parameters (B3 models) improve further this point. Moreover, as shown in
Fig.3a, massive baryon systems achieve lower rotational support than the less massive ones.
In summary, with the fiducial value of the Mbar/Mtot ratio, accounting for the dependence
of the feedback strength on the IMF’s parameters claimed above, B3 simulations with
Mtot ≤ 10
12m⊙ are most suitable to match general properties of Spirals whereas more
massive systems are required to match those of Ellipticals with the same IMF.
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Fig. 1.— Time behavior of the SFR for runs with 6000 total initial particles, Mbar/Mtot ratio
equal to 0.1, but different Mtot and different IMF’s parameters (see text): B1 models, dotted
line, B2 models, long dashed line, B3 models, continuous line.
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Fig. 2.— As in the previous figure for B3 models with different total initial particles: 6000,
continuous line, 2000, short-dashed line and 20000, dot-dashed line; in panel ii) a run with
only thermal feedback, i.e.fv = 0 (see text), and 6000 total initial particles is also shown
(long-short dashed line)
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Fig. 3.— Right panel (a) compares the evolution of the rotational support of B3 models
in Fig.1: Mtot=10 dotted line, Mtot=20 continuous line, Mtot=100 dashed line, Mtot=200
dot-dashed line; left panel (b) shows the same for models of panels ii) in Fig.1 and Fig.2
with the same symbols.
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4.2.2. The gas mass resolution
The rise of the SFR withMtot cited above, has been further investigated since by keeping
constant the number of initial particles and theMbar/Mtot ratio, more massive systems entail
more massive gas clouds, so rising the mass of each gas cloud turned into stars for a given
efficiency of SF, ǫ (see Section 4.1.2). Thus in paper II we performed several simulations
by changing Mtot but keeping constant Mbar with the aim to resolve always the same mass
of gas. The gas mass resolution ranges from 3.33 × 106m⊙ to 6.67 × 107m⊙; the lower
resolution is better than that achieved both by [7], i.e. 1.27 × 107m⊙, and like that of
[41], i.e. 3.29 × 106m⊙. Results concerning B3 simulations with Mbar = 1, gas resolution
3.33 × 106m⊙ and 6000 total initial particles, are shown in Fig. 4. The SFR depends on
the DM mass, in the sense that it turns on later the larger MDM even if the total mass of
gas turned into stars is only slightly depending on MDM value.
Looking at the dynamical evolution of the baryons, Fig. 5 shows that the fiducialMbar/Mtot
ratio (0.1) entails the largest rotational support. The growth of DM mass, which reduces this
ratio well below its fiducial value, also reduces the rotational support of the baryons inside
the system. Thus the rotational support of the simulated galaxy is strongly dependent also
on the value of the Mbar/Mtot ratio.
To conclude such a check, some simulations have been performed with the same Mbar/Mtot
ratio (0.1) but different total masses and ǫ values so that the same mass of each gas cloud
turns on in a star particle. Thus a simulation with Mtot equal to 200 and ǫ equal to 0.04
has to be compared with one having Mtot =20 and ǫ =0.4 (see Fig.5 in paper II). [6] derive
that gas mass resolution does not affect the results strongly. For a given Mtot, the SFR does
not depend on such a resolution neither on the efficiency of SF but it is driven by the initial
amount of gas. Systems initially gas depleted show both longer delays of the SF onset, given
the lower gas density achieved by the collapsing system, and lower SFRs.
The SF does not switch on in the less massive baryonic systems so that, for the fiducial
value of the Mbar/Mtot ratio, the critical initial mass of gas to entail a luminous system is
≃ 1010m⊙.
4.2.3. The initial geometry and dynamical state of the DM halo
A new interesting point emphasized by these simulations is that galaxy formation and
evolution is strongly affected by the initial geometry of the DM halo. For a given Mtot and
Mbar/Mtot ratio, the lower τ the higher the SFR (Fig. 6a). This means that less favorable
conditions to the SFR occur inside prolate halos (τ >0.66), the other parameters being
the same. Moreover also the rotational support of the galaxy depends on this parameter
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Fig. 4.— Time behavior of the SFR for B3 models with different Mtot but the same gas mass
resolution (see text).
Fig. 5.— Time behavior of the rotational support of B3 models in Fig.4: Mtot=10 continuous
line, Mtot=20 dashed line, Mtot=100 dotted line and Mtot=200 dotted-long dashed line.
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(Fig.6b). So unfavorable conditions to spiral galaxy formation arise inside prolate halos.
All the simulations discussed so far have been built up with initial spin parameter, λ, equal
to 0.06 (Section 4.1.1). Simulations performed with different λ values, to give insight into
the effects of a different initial dynamical state on the system evolution, show that the SF
turns on later in systems with higher λ and such systems host galaxies endowed with lower
rotational support (Fig.7a and Fig.7b respectively). Therefore inside strongly rotating halos
spiral galaxy formation can be suppressed.
4.2.4. Chemo-photometric integrated properties
Photometric integrated galaxy properties depend on the SFR, for a given IMF choice
[46, 47, 48]. Thus such properties are not affected by different particle resolution given the
slight dependence of the SFR on such a resolution, outlined above. Integrated colors, lumi-
nosities, metallicities, together with mass-to-light ratios, disk scale lengths and so on, at 15
Gyr in the rest-frame, of simulations performed in paper I are presented in Tables 3, 4, 5,
and 6 and in Fig. 17 of that paper. Given the wider range of parameters explored in paper
II (Table 1), Fig. 8 shows colors and metallicities of all the simulated galaxies. Results are
fully consistent with observations of local galaxies of different morphological types. More
massive systems show redder colors, higher luminosity and mass-to-light ratios, moreover
they are characterized by older stellar populations and higher stellar metallicities than the
less massive ones. Furthermore the more massive simulated galaxies have lower residual gas
fraction, and in particular less cold gas, than the less massive ones, in agreement with results
of fully consistent cosmological simulations with very low galaxy-particle resolution [34].
Fig.9 compares the observed B-band TF relation [54] with predictions of simulations in
Table 1. Table 2 summarizes disk-scale lengths and bulge/disk ratios derived for models in
Fig.2b (panel ii). For an exponential disk we expect rotp = 3.2rD [54], in agreement with
findings in Table 2.
As we will discuss in the next section, results summarized here and in the previous Sections
(4.2.1-4.2.3) , translate in important issues concerning morphological galaxy types, in par-
ticular spiral galaxies, into the very simple framework of monolithic collapse.
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Fig. 6.— Panel a) shows the behavior of the SFR for B3 models with Mtot=20 and different
initial triaxial ratios: continuous line τ=0.58, dotted line τ=0.45 and dashed line τ=0.84;
panel b) shows the corresponding rotational support
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Fig. 7.— As in Fig. 6 but for different initial spin parameters: continuous line λ=0.06,
dotted line λ=0.03 and dashed line λ=0.15
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Fig. 8.— Integrated properties at 15 Gyr in the rest-frame of simulations in Table 1: squares
are for B1, triangles for B2 and circles for B3 models with Mtot=10, 20, 100, 200 and 500
(code units) and Mbar/Mtot=0.1; stars are for B3 models with different initial parameters
(i.e Mbar/Mtot, τ and λ values). Dots in the left panels are observations from [50, 51, 52],
continuos line and filled circles in the right panel show the metallicity-luminosity relation for
giant Ellipticals and for some local systems respectively [53].
– 19 –
Fig. 9.— B-band TF relation; long-dashed line is the best-fit of the data taken from [54]
(H0 = 75 /km/s/Mpc); vopt is derived from simulations as suggested in [54]; simulations are
the same as in Fig. 8.
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5. CONCLUSIONS
Our SPH simulations of isolated collapsing triaxial systems with the star formation
switched on [4, 6] are aimed to shed light into the dependence of the system evolution on
some parameters so far unexplored, as so as its total mass, initial dynamical state and ge-
ometrical shape of the DM halo. Further insights into the influence of different values of
the baryonic-to-total-mass ratio,Mbar/Mtot are also given. Important findings are that, for a
given value of such a ratio, 0.1 being the fiducial value, the SFR depends on the total mass of
the system and on the dynamical state of the halo whose initial geometry affects the results
furthermore. These conclusions are not affected by gas particle resolution. Systems with
larger Mtot turn on the SF earlier on and their SFR achieves higher values than in the less
massive halos. Moreover the SF does not switch on in the less massive DM halos so that the
critical mass to entail a luminous system is ≃ 1011m⊙. According with the time behavior
of the rotational support of the baryons, more suitable conditions for elliptical galaxy for-
mation arise in the most massive systems while in the less massive ones, Spirals are favored.
Prolate shapes of the collapsing halos, as so as higher spin parameters, delay the onset of
the SF process, reduce the star formation activity and provide baryon systems with lower
rotational support. Thus, both the star forming activity and the dynamical conditions inside
these systems favor Irr or dwarf elliptical galaxy formation. Moreover for a given value of
the total mass, that of the DM halo leads the morphological type of the luminous system. In
particular, inside the range of parameters explored in paper II, only a short range of values
of the baryonic-to-total-mass ratio, around 0.1, is suitable to account for Spirals: the higher
the DM mass the lower the rotational support of the baryonic system. Therefore we find that
spiral galaxy formation constrains the total mass of the system: ≤ 1012m⊙. Accounting for
the previous conclusions there are no constraints to the total mass of the system hosting an
elliptical galaxy. However in the same framework, Ellipticals prefer greater baryonic-to-total-
mass ratios as a consequence of both the stronger initial burst of SF which turns on inside
them, and the lower rotational support achieved by stars. Moreover our findings shed light
into some intriguing point of cosmological simulations of galaxy formation. In particular if
feedback effects, in term of both thermal and kinetic energy implementation, can solve the
over-cooling problem, a careful baryon’s resolution could allow us to overcome the so called
”angular momentum crisis” which is, until now, their major challenge.
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Table 1. Initial configuration of simulations in paper II.
N IMF Np Mtot Mbar/Mtot τ λ
1 B1 6000 10 0.1 0.58 0.058
2 B2 6000 10 0.1 0.58 0.058
3 B3 6000 10 0.1 0.58 0.058
4 B3 20000 10 0.1 0.58 0.058
5 B3 6000 10 0.2 0.58 0.058
6 B3 6000 10 0.99 0.58 0.058
7 B1 6000 20 0.1 0.58 0.058
8 B2 6000 20 0.1 0.58 0.058
9 B3 6000 20 0.1 0.58 0.058
10 B3 20000 20 0.1 0.58 0.058
11 B3 6000 20 0.1 0.45 0.058
12 B3 6000 20 0.1 0.84 0.058
13 B3 6000 20 0.1 0.84 0.030
14 B3 6000 20 0.1 0.84 0.150
15 B3 6000 20 0.05 0.58 0.058
16 B3 6000 20 0.5 0.58 0.058
17 B3 6000 20 0.99 0.58 0.058
18 B1 6000 100 0.1 0.58 0.058
19 B2 6000 100 0.1 0.58 0.058
20 B3 6000 100 0.1 0.58 0.058
21 B3 20000 100 0.1 0.58 0.058
22 B3 6000 100 0.01 0.58 0.058
23 B3 6000 100 0.02 0.58 0.058
24 B3 6000 100 0.99 0.58 0.058
25 B1 6000 200 0.1 0.58 0.058
26 B2 6000 200 0.1 0.58 0.058
27 B3 6000 200 0.1 0.58 0.058
– 25 –
Table 1: continued
N IMF Np Mtot Mbar/Mtot τ λ
28 B3 20000 200 0.1 0.58 0.058
29 B3 6000 200 0.1 0.45 0.058
30 B3 6000 200 0.05 0.45 0.058
31 B3 6000 200 0.005 0.58 0.058
32 B3 6000 200 0.010 0.58 0.058
33 B3 6000 200 0.050 0.58 0.058
34 B1 6000 500 0.1 0.58 0.058
35 B2 6000 500 0.1 0.58 0.058
36 B3 6000 500 0.1 0.58 0.058
col.1: simulation number
col.2: see Section 4.1.3
col.3: total number of initial particles
col.4: total mass in unit of 1010m⊙
col.5: baryonic-to-total-mass ratio
col.6: initial triaxiality ratio (see Section 4.1.1)
col.7: initial spin parameter (see Section 4.1.1)
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Table 2. Properties at 15 Gyr for simulations with
Mtot = 20 and Mtot/Mbar = 0.1 (see text)
IMF Np reff rD ropt
B
D
(M
∗
LB
)(ropt) (
M∗
MDM
)(ropt) fgas
B1 6000 3.23 4.4 12.8 0.50 3.2 0.58 0.34
B2 6000 2.78 3.5 10.5 0.70 1.9 0.49 0.62
B3 6000 4.00 4.7 13.2 0.43 7.1 0.55 0.45
B3 2000 3.03 4.5 13.1 0.47 6.2 0.46 0.41
B3 20000 4.18 5.0 12.8 0.44 4.9 0.42 0.58
B3∗ 6000 2.50 7.0 17.1 1.10 16.1 0.50 0.34
∗ for a model with fv=0
col.1: see Section 4.1.3
col.2: total number of initial particles
col.3: B effective radius (kpc)
col.4: exponential disk scale length (kpc) from B surface brightness distribution
col.5: optical radius (kpc), i.e. radius where LB = 0.83L
tot
B [54]
col.6: bulge-to-disk ratio from x− y projection of B surface brightness distribution
col.7: stellar mass-to B-luminosity ratio inside optical radius
col.8: star-to-DM-mass ratio inside optical radius
col.9: residual gas fraction
